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ON PILE FOUNDATION PERFORMANCE IN THE OFFSHORE FIELDS OF QATAR:
INSTALLATION EVALUATIONS, DISCREPANCIES, AND REMEDIAL MEASURES
Waddah Akili
Professor of Civil Engineering (Retired)
Principal, Geotechnical Engineering
3222 Evergreen Rd., Ames, IA-USA 50014

ABSTRACT
This paper addresses discrepancies between design of driven piles for offshore platforms in Qatar, the Arabian Gulf, and their “asinstalled” ultimate capacities and safety factors. The paper makes use of pile installation records derived from several platforms in the
offshore of the Gulf Region. More specifically, the paper evaluates “as–installed” ultimate capacities and safety factors, recommends
remedial installation procedures when piles refuse before design penetration is achieved, and proposes a means for determining pile
acceptability for piles meeting refusal short of design penetration. This case history offers what is believed to be relevant
recommendations to guide the design and installation of future offshore structures; enabling the geotechnical community in the Region
to solve their current offshore pile installation problems and gain an added margin of confidence regarding the ultimate capacity of
installed piles.

INTRODUCTION
The State of Qatar, situated on the southern shores of the
Arabian Gulf, has - over the last two decades - experienced
unprecedented offshore construction boom, including the
design and construction of platforms, to facilitate the
production and transport of its oil and gas. As noted by Akili
(2004), much of Qatar’s offshore “earthly” deposits (soil and
rock) comprise calcareous sands, silts, and clays, overlying
diagenetic limestones interbedded with dolomites, marl, shale
and hardened clays. Local experience plus available borehole
data, derived from many offshore sites, indicate that ground
conditions for pile installation is highly variable, and tend to
complicate design and installation of piles in the offshore. The
variable ground conditions at a particular site coupled with
inadequate soil investigation, results in misassessment of the
insitu conditions, leading often, to a huge discrepancy between
ultimate pile capacities based on design, and actual capacities
after installation.
In many of these situations, obtaining valid samples and
proper geotechnical data were affected, to a great extent, by
the same difficulties that later affected installation. Thus,
neither the engineer nor the contractor were properly prepared
to deal with the “changed subsurface conditions” later
encountered. Nevertheless, all of the piles reported on here,
were installed under the extreme exigencies of the situation,
and at serious over-runs of cost and time.
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Driven piles in these deposits have, by and large, met refusal
short of design penetration. In many cases the refusal was of
an abrupt nature rather than a gradual increase in blow counts.
The abruptness of many of these refusals is a clear indication
that the piles encountered resistance unaccounted for, such as:
a rock layer, cemented soil layer, a boulder, or hard clay.
Discrepancies may have also arisen from processes related to
construction of the piles, i.e., either inadequate construction
control or from inevitable consequences of pile installation
activities. Also, as noted by Poulos (2005), structural defects
of the pile such as: size, strength, or stiffness being less than
assumed in design, do adversely affect outcome. The main
difficulties are that the designer/analyst does not recognize the
existence of the imperfections during the design/analysis
process, or else they may only become manifest beyond the
design process. Subsequent analysis has become a “must”
remedial or, else, a forensic exercise.

PILE INSTALLATION: THE STATUS QUO
This paper focuses, in general, on the installation and resulting
discrepancies of driven pipe piles that support offshore
structures such as: platforms, pipeline trestles and sea islands
in the Arabian Gulf. The case reported on here focuses on
fourteen offshore platforms (three piles per platform), located
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approximately 40 miles east of Doha, the capital of the state of
Qatar, in three adjacent fields, namely: Idd El Shargi, Bul
Hanine, and Maydan Mahzan fields, referred to here
respectively as: Felid No.1, 2, and 3. The author, based on his
experience, believes that the case reported here is typical of
problems encountered when piles are driven in the offshore of
Qatar and in other neighboring states.

rock, calcareous silty sands, or hardened clays. The inability to
redrive piles after delays had been encountered in the driving
operations was noted on several piles, covering the three
fields.
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The pile shown in Fig.1, as an example, met refusal twice,
resulting in the drilling of two pilot holes. Refusal was first
met at 238 ft penetration. As a consequence, the soil plug was
drilled out and a pilot hole was advanced to 253 ft penetration.
The pilot hole (Fig.1) was underreamed to 30 inch diameter
from approximately 238 to 248 ft. Pile driving continued, but
abrupt refusal was encountered again at 260 ft penetration
with a blow count of 705 blows per ft. Another pilot hole was
drilled to 274 ft penetration, with the interval form 260 ft to
269 ft being underreamed. The pile was driven, further on, to
270 ft with a final blow count of 29 blows per ft. Table 1
presents a summary of typical pile installation data from piles
driven in field No1, showing number of times the pile refused,
and remedial action taken to reach design penetration. Piles
driven in the other two fields - No.2 and No.3 - (data not
shown in this paper), exhibited similar behavior, i.e., majority
met refusal short of design penetration, and required remedial
installation measures.

Pile Refusal
Almost all of the piles- a total of 42 piles- met refusal short of
design penetration. Principal remedial measures taken to
facilitate redriving after piles met refusal, were to drill out the
soil plug and to advance a pilot hole below the pile tip.
Evaluation of available boring logs has indicated that the
deeper soils encountered layers of strong material, probably:
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Pile design penetrations - for the case reported on here - were,
unfortunately, based on insufficient borehole data (i.e.,
number of borings were much smaller than required). Piles
used on the jacket installations, are 30 inch diameter open-end
pipe piles with variable wall thickness. The minimum wall
thickness was 1.0 inch and the piles were equipped with 10 ft
long 1.5 in. wall thickness driving shoe. Design penetration
has ranged from 270 to 190 ft. Hammers used for driving were
primarily the Vulcan 020 and the Vulcan 040. Both hammers
were operated with compressed air. Typical blow count versus
penetration curves are shown in Figs. 1 and 2. The blow count
data presented is approximate and intended to reflect the
character of pile driving encountered. Figs.1 and 2, represent
and/or reveal: i) the erratic behavior and extreme variability of
blow counts as a function of penetration due to resistance
encountered during driving of piles, ii) welded sections and
the time delays (in hours) to finish welding the new section to
the previous one, and iii) location and extent of pilot holes
using 30 inch diameter underreamer.

P2/P3; 5 hrs
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Undisturbed soil
Pilot hole; Majority of hole drilled with 30-in.
diameter underreamer
Pa/Pb; N hrs: Pb section welded to Pa section; N hour delay

Fig.1. Blow count versus penetration curve of driven 30-in.
diameter pipe pile (Jacket A, Pile A-1) Field No.1.

This condition can probably be attributed, sometimes, to clay
“set up”. Set-up occurs as clays and clayey silts regain
strength over a period of time, due to the dissipation of pore
pressures that build up during pile driving. Several instances
were noted where a pile initially met refusal but was able to be
redriven after a relatively short delay in driving. These
occurrences may be attributed to a phenomenon known as
relaxation. This phenomenon has been observed in stiff,
overconsolidated clays and, also, in dense silty sands.
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Table. 1. Summary of typical pile installation data showing:
design penetration, number of refusal times, and remedial
action taken to reach design penetration (Field No.1).
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Twice
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D-2 245 ft

Once
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Pilot hole; Majority of hole drilled with 30-in.
diameter underreamer
Pa/Pb; N hrs: Pb section welded to Pa section; N hour delay

Fig.2. Blow count versus penetration curve of driven 30-in.
diameter pipe pile (Jacket B, Pile A -1) Field No.2.
The excess pore pressures created by driving causes swelling
of the stiff clay and further weakening of the clay, in addition
to remolding. In dense silty sands, induced negative pore
pressures inhibit the silty sand ability to deform during pile
driving operations. Pore pressure dissipation during driving
delays, may then reduce driving resistance. It is difficult,
however, to determine with certainty if the decreased blow
counts exhibited by many of these piles were due to relaxation
or to an increase in the pile hammer efficiency, or a
combination of the two factors.

Pilot Holes and Grout Plugs
At the time of the installations, the only remedial technique
available on the barge was the drilling of pilot holes.
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The drilling bit was 26 inch in diameter with a 30 inch
underreamer. The soil plug was drilled out using the 26 inch
bit. When the bit was 5 ft below the pile tip, the underreamer
was opened and a 30 inch diameter hole was reamed out for
some distance below the pile tip. It is author’s opinion that
underreaming a pilot hole to the same diameter as the pile,
may have a detrimental effect on the pile skin friction in the
underreamed zone, i.e., unit skin friction on piles in the
underreamed zone may be significantly lower than on piles
driven through undisturbed soil.
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The drilling of pilot holes resulted in several piles with an
inadequate soil plug to mobilize available end bearing. The
recommendation available at the time, stated that grout plugs
be installed in such piles to mobilize the necessary end bearing
needed to achieve the desired pile capacity. Therefore, almost
half of the piles were grouted from the bottom of the pilot hole
to the sea floor. Needed grout plug length varied from 20 to 30
feet.

Maximum Compressive Stress

2500

21.7 ksi

Hammer-Pile Combination
Pilot holes did not significantly increase pile drivability in
many cases. In addition, pile refusal occurred within the zone
of pilot holes at several locations. These situations support the
view that the Vulcan 040 hammer was too small to drive the
30 inch piles to design penetration. This discrepancy was
further investigated using wave equation analyses to determine
if a larger hammer would have increased the drivability of the
noted piles in these soils.
A comparison was made between the Vulcan 040(120,000 ftlb energy) widely used on this job, and the Vulcan 060
(180,000 ft-lb energy). The comparison specified a 30 inch
diameter pile at 215ft penetration. The results of the analyses
are shown in Fig.3 as a plot of driving resistance in kips versus
rate of penetration in blows per ft. As shown in Fig.3, the
Vulcan 040 is able to overcome a driving resistance of about
2,000 kips at refusal (300 blows per ft). Under the same
conditions, the Vulcan 060 is able to overcome a driving
resistance of approximately 2,250 kips. This small increase
indicates that little benefit would have resulted from the use of
a Vulcan 060 versus the Vulcan 040 under these conditions.
The relatively low driving stresses shown in Fig.3 suggest that
a larger hammer than the Vulcan 060 could probably have
been used without incurring damage to the pile.
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1000
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0
0
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200

300

Rate of Penetration, Blows Per Foot

The refusal of a large number of piles, particularly in the cases
where pilot holes were drilled, has been of concern. Analyses
of available data support the view that the refusals are due to a
combination of hammer size, pile size, and soil conditions,
rather than any faults in the equipment used by the contractor.

Fig. 3. Wave equation analysis for the 30 in. diam. pipe pile
(at 215 ft. penetration) showing: driving resistance in kips
versus Rate of penetration in blows per foot.

Ultimate Pile Capacity and Safety Factors

The weight of grout plugs, if any, and soil plugs inside the
piles were added to the tensile capacities that are shown in
Table 2. In the underreamed zones, very low limiting values of
skin friction were used because of the potential reduction in
lateral pressure on pile wall caused by the underream.
Available ultimate pile loads were used to compute safety
factors in both tension and compression, and the resulting
safety factors are shown in Table 2.When the geotechnical
data of a site are incomplete and/or lacking, evaluations of
ultimate pile capacities may be based on assumed conditions.
In this instance, an upper bound and a lower bound of ultimate
capacity and safety factor are calculated. This is by no means
a substitute to values based on relevant geotechnical

The ultimate pile capacity at each pile location was evaluated
from borings previously drilled in the area and from
engineering evaluation of the installation records. Pile
capacities were computed in accordance with the API RP 2A
(1991) method. The unit skin friction on the piles was
calculated using parameters appropriate for dense carbonate
silty sand, believed to prevail in the vicinity of the majority of
driven piles in field No.1. This assumption may have resulted
in a conservatively low estimate of pile capacity, but the true
soil type could not be determined based only on the driving
records. The calculated ultimate compressive pile capacities,
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shown in Table 2 for some of the installed piles, are adjusted
to reflect the “as-installed” pile penetrations in field No.1.
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information - it is only intended to provide some guidance in
the absence of credible geotechnical parameters.
Table 2. Ultimate pile capacities and safety factors of selected
piles installed in Field No.1.
Ultimate Pile Ultimate Pile
Safety Factor
Jacket
Load, kips
Capacity, kips
/Pile Comp.* Ten.* Comp.* Ten.* Comp.* Ten.*
C-1
C-2
C-3

1603
1603
1603

1404
1404
1404

1998
1951
1861

1761
1768
1675

1.25
1.22
1.16

1.25
1.26
1.19

D-1
D-2
D-3

1582
1582
1582

1386
1386
1386

1951
1979
1974

1815
1844
1838

1.23
1.25
1.25

1.31
1.33
1.33

E-1
E-2
E-3

1622
1622
1622

1421
1421
1421

1844
1894
1917

1703
1752
1775

1.14
1.17
1.18

1.20
1.23
1.25

F-1
1523 1333
1865
1722
F-2
1523 1333
1821
1679
F-3
1523 1333
1900
1759
Comp.*= Compression; Ten.*= Tension

1.22
1.20
1.25

1.29
1.26
1.32

characterization of the site. Pile capacity and lateral load
analyses are developed from field and laboratory test results.
Drivability of piles can also be evaluated based on soil
conditions at the site; and, also, to check the suitability of the
selected pile–hammer system to be used.

Pile Characteristics
It is highly advisable to use high strength steel in pile sections
because some of the piles may be overstressed at the mudline.
It is therefore recommended that composite pile sections (due
to varying wall thicknesses or to higher strength steel) be
avoided. A uniform pile of constant wall thickness and
uniform steel properties eliminates the need for underdrive or
overdrive allowances of a thick–wall section. In addition,
thicker pile walls will more fully utilize the driving capability
of high energy hammers and thereby enhance drivability.
Uniform piles are particularly useful where difficult driving is
expected and where refusal might occur above design
penetration. One other advantage of a pile with constant wall
thickness is that fewer complications occur during drilling of
the soil plug. The use of an internal driving shoe at the pile tip
is highly recommended to minimize damage from hard
driving, particularly in rock formations. Also, it is
recommended that the driving shoe be approximately 5 ft
long, and be at least 0.25 inch thicker than the wall section
above it.

GUIDANCE AND RECOMMENDATIONS FOR FUTURE
INSTALLATIONS IN THE GULF REGION
Hammer Sizes
Based on author’s prior experience (Akili and Jackson 1998;
Akili 2000; Akili 2004), supplemented by the experience of
others (American Petroleum Inst. 1991; O’Neill and Raines
1991; Poulos 2005), several recommendations to guide the
pile installation process in the Region are offered. The
recommendations are divided into six categories: i)
geotechnical investigation, ii) pile characteristics, iii) hammer
sizes, iv) remedial pile installation procedures, v) safety
factors and pile acceptance, and vi) monitoring. Each of these
recommendations is essential and should be an integral part of
a well thought out strategy that will enable stakeholders in
solving their current offshore pile installation problems and
gain an added margin of confidence regarding the capacity of
installed piles in the Gulf region. Invariably, advanced
planning will reduce the problems that are now being
experienced.

Geotechnical Investigation
It is highly recommended that at least one soil boring be
drilled at each of the platform locations. Soil borings reveal
subsurface conditions and provide soil and rock samples for
laboratory tests, to determine index and engineering properties
used in subsequent analyses. Generally, insufficient number or
depth of boreholes or probes to identify stratigraphic
variations across the site, or inadequate testing to quantify the
relevant geotechnical parameters, could lead to improper
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In the author’s opinion, the hammers in use-including the ones
used on the case reported here – are, in general, not large
enough to drive a 30 inch diameter pile to required design
penetration. Results of wave equation analyses, carried out for
this case, has indicated that driving stresses using the Vulcan
060 are relatively low. Therefore, the drivability of piles using
larger hammers should be evaluated by wave equation
analyses. Experience in the Gulf region has shown that 36, 42,
and even 48 inch diameter piles may be driven to 100ft
penetration, and probably deeper in many instances, with
hammers having a rated energy of 300,000 ft-lbs.

Remedial Pile Installation Procedures
The computed ultimate capacities of driven piles are generally
based on the assumption that the piles will be driven to the
desired penetration without the aid of supplemental drilling or
jetting. In many cases, especially those involving piles driven
into hard clays, dense sands and rock, the piles cannot be
installed to the required penetration by driving alone. When
techniques other than driving are used to aid pile installation,
conditions assumed in computations based on driving alone
may not be met and computed capacities may have to be
adjusted to represent more closely the actual installations
conditions. Piles may encounter refusal in clays either from
the normal increase in driving resistance, faced when strong
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clays are encountered, or from “set-up” when pauses in
driving are significant. Any potential problem resulting from
clay “set-up” can be minimized by keeping pauses as short as
possible and making final add-ons with the pile tip at the
highest possible elevation so driving at deeper penetrations
can be accomplished in a continuous operation.
This section will also discuss known remedial procedures (soil
plug removal, pilot holes, grout plugs, and insert piles), in as
much as they relate to the case on hand.
Removal of Soil Plug. If a pile reaches refusal in hard clays or
dense sands, additional pile penetration may be facilitated by
drilling or jetting the soil plug that forms inside the pile during
driving. If drilling or jetting is limited to loosening or to
removal of the soil plug and does nor extend below the pile
tip, the skin friction mobilized outside the pile generally will
not be affected. Since the purpose of removing the soil plug is
to reduce end bearing during redriving, consideration should
be given to the end bearing adequacy of the new plug formed
by redriving and to the possible need for reestablishing end
bearing by the installation of a grout plug. The experience in
the Gulf (Akili 2000) has shown that if a pile reaches refusal
in rock, further redriving by removal of the soil plug may not
be possible. Pilot holes or installation of insert pile should then
be considered.
Pilot Holes. If the initial pile section reaches refusal at a
relatively shallow penetration, redriving to a greater
penetration sometimes could be achieved by drilling a pilot
hole. A predrilled pilot hole should be terminated at least 5 ft
above design penetration. The pilot hole length should be less
than the length of pile remaining to be driven before the next
add-on section must be made. For vertical piles, the maximum
depth of pilot holes should not exceed 50 ft. With steeply
battered piles, the depth of pilot holes should be restricted to
about 25 ft to minimize the adverse effects of pilot hole
deviation. The diameter of predrilled hole should be less than
two–thirds of the outside pile diameter. Care must be
exercised to control the diameter of the hole to prevent any
disturbance or loosening of material which surrounds the pile.
A prepared drilling fluid can be used to control the diameter of
the hole and to minimize caving of sands. If the soil plug
inside the pile, after completion of driving, is not of sufficient
length to produce a full end bearing, the inside of the pile
should be cleaned out down to the undisturbed soil level and a
grout plug placed inside the pile.
Grout Plugs. The possibility of installing a grout plug in a pile
that meets refusal short of design penetration in granular soils
or rock should be under consideration. The placement of the
grout plug would mobilize the necessary end bearing needed
to achieve the desired pile capacity. It is recommended that
prior to placing the grout plug the soil plug be drilled out to a
depth of approximately 6 ft above the driven pile tip. The
length of grout plug needed to produce the unit end bearing
that the soil stratum can mobilize, i.e., the stratum in which the
pile tip is embedded, can be computed using a limiting steel-
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to-grout adhesion value of 4 ksf. As a general rule, it is
recommended that the length of the grout plug be at least 10 ft.
Insert Piles. Installation of insert piles may be required if
driven piles can not be installed to their design penetrations by
removing the soil plug or drilling pilot holes. Insert piles are
then either driven or grouted into oversized holes. The two
concentric piles are usually joined structurally at the top after
driving has been completed.

Safety Factors and Pile Acceptance
The ultimate capacity of a given pile can be determined from
engineering analysis of pile load tests. Industry–accepted
methods of computing the ultimate capacity are based on
measured soil properties and correlations with published pile
load test results. The ratio of the ultimate pile capacity to the
design pile load is labeled: the factor of safety. The
determination of an adequate factor of safety is usually based
on experience in the locale plus accepted norms. Structure
serviceability and economy as well as the probability and
consequences of failure must be included in an assessment of
an adequate safety factor. The probability of failure (reflected
by the factor of safety) depends on many factors, including:
the confidence in assigned soil properties, the pile capacity
computation method, and other construction details. These
factors can significantly influence the ultimate pile capacity
and, therefore, the degree of certainty in the computed pile
capacity. Recommended safety factors, by and large, reflect
industry standards and local experience.
If a pile reaches refusal after it has sufficient penetration to
obtain a theoretical factor of safety of at least 1.35, as
determined from the ultimate compressive pile capacity
curves, it is recommend that no further attempt be made to
install this pile to design grade. A safety factor as low as 1.25,
based on static criteria, is considered acceptable provided
dynamic monitoring plus a drivability study indicate that the
pile has a minimum factor of safety of 1.5. The aboverecommended criteria for acceptability of driven piles should
be used only if the tensile capacity, based on static analysis,
yields a safety factor of at least 1.5. A chart for pile
installation procedures based on the recommended safety
factors can be developed for each platform location. These
charts provide the contractor with guidelines to follow if piles
refuse above design penetration. The information needed to
develop pile installations procedures, and henceforth the chart,
are: i) results of a geotechnical investigation at the proposed
site, ii) pile size, and iii) general construction details,
including available hammers, grouting equipment, drilling
equipment, and proficiency and experience of the crew.

Monitoring of Hammer Efficiency
When a pile refuses during driving, the question arises
whether the actual soil resistance during driving was greater
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than estimated or the hammer efficiency was less than
expected and assumed in the wave equation analysis. If the
pile refuses due to greater than expected soil resistance, the
pile may be acceptable. If the pile refuses due to less than
expected hammer efficiency, the pile may not be acceptable
and should be driven to a deeper penetration using a hammer
of higher efficiency. Therefore, monitoring of hammer
efficiency during driving is very important when attempting to
evaluate whether a pile that has reached refusal is acceptable
or not, in terms of actual penetration and axial capacity.

drills), and other equipment necessary for remedial pile
installation techniques.
3. Ensure that pile driving crew on the barge (people in
charge) have the experience with local conditions and able to
make decisions and move the process without having to wait
for somebody’s advice coming usually from another city
and/or country. This is particularly problematic on remote
projects, often causing unnecessary delays.

To address this issue, use should be made of a selected
Dynamic Measurement System (DMS) - an electrical strain
gage system - that measures the force that the hammer imparts
to the pile as a function of time. The measured force-time
curve is compared to an idealized force-time curve from wave
equation analyses to determine hammer efficiency and the
stiffness and coefficient of restitution of the cushion or
capblock. Therefore, the DMS data increase the level of
confidence in estimating the ability of the hammer-pile system
to overcome soil resistance during driving. The estimate of
dynamic pile capacity has on many occasions eliminated the
need to use supplementary installation techniques. It is
believed that DMS monitoring will assist engineers and
contractors in solving some of the pile installation problems
that are faced in the Region.

While modern geotechnical engineering makes it possible to
carry out drivability studies on the basis of soil samples; the
condition down below may vary, and the samples may not be
undisturbed, or may not be representative. Conditions
encountered are often different than those assumed, requiring
alternative solutions and /or remedial measures. As pointed
out by Gerwick (2004), “Pile driving remains a mixture of
engineering and art. Recent developments in the ability to
measure and predict stresses and resistances are wonderful
tools, -----but the high variability of geotechnical and
geological conditions also requires that we incorporate the
lessons from case histories and prior experience in order to
achieve both technical and economic success.” Thus, it
becomes inherent on the designer not only to consider
constructability-related problems, but to provide for potential
changes in geotechnical conditions, relying on competent
crew, preferably with prior experience in the locale.

CONCLUDING REMARKS
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